Background: Type 2 diabetes has a high prevalence and a growing trend. The use of a proper diet treatment is one of the therapeutic approaches of patients. The use of the soy has shown the effective results in glycemic control of patients with type 2 diabetes; however, data are paradoxical. The present study aimed to examine the effectiveness of soy nuts on glycemic control, blood pressure and lipid profile and insulin-resistance of the diabetic patients. Methods: In this case-control study 69 type 2 diabetic patients were randomly divided into two groups: intervention (n = 35) and control (n = 34). The patients in the intervention group substituted 60 grams of soy nuts as a part of the daily protein requirement for eight weeks. In contrast, the patients in the control group received usual diet of diabetes (no soy). The drugs received by patients had not been changed during the intervention period. Before and at the end of the intervention, Hemoglobin A1c (HbA1c), fasting plasma glucose (FPG), serum insulin levels, insulin-resistance, systolic and diastolic blood pressure, low density lipoprotein-cholesterol (LDL-c), high density lipoprotein-cholesterol (HDL-c) and total cholesterol, and triglycerides (TG) were measured in the patients. Insulin-resistance was calculated by Homeostatic model assessment-IR formula (HOMA-IR). Results: Soy consumption significantly lowered FPG (P = 0.03), HbA1c (P < 0.01), plasma insulin levels (P = 0.01), insulin-resistance (P = 0.01), total cholesterol (P < 0.01) and LDL-c (P = 0.01), but did not have any significant effect on systolic blood pressure (P = 0.4), diastolic blood pressure (P = 0.2), HDL-c (P = 0.4) and TG (P = 0.2). Conclusion: Consumption of soy nuts in type 2 diabetic patients * Corresponding author.
Introduction
Diabetes mellitus (DM) involves a group of metabolic disorders with various etiologies which leads to increased blood sugar and impaired glucose, fat and protein metabolism caused by the decreased secretion or activity of insulin or both [1] . According to the American Diabetes Association in 2012, the diabetes' costs have been estimated over 245 billion dollars a year [2] .
Modification of the lifestyle such as physical activity and a proper food diet is early action in controlling and preventing the type 2 diabetes disease [3] .
The use of the cheap and available food ingredients, lowering blood glucose and improving metabolic condition, is an ideal and optimal action. Impressive results have been recorded for consuming the soy nuts and soy products [4] [5] . Soybeans contain complex carbohydrates, protein, fiber, oligosaccharides, phytosterols, saponins, lectins, isoflavones, phytic acid, trypsin inhibitor, and minerals [4] [5] .
The content of complex carbohydrates and dietary fibers in soy generates its low glycemic index, which can be useful in diabetic patients.
Various studies have reported effective results in improving blood sugar disorders, lipid profile and blood pressure due to use of different combinations of soy [4] [5] . And many studies have found that soy can reduce glycemia after meals, hyper triglyceridemia, total cholesterol, LDL-c, oxidative stress and other risk factors for cardiovascular disease [4] [6] [7] ; however, the findings are controversial [8] .
Plant sources are rich in natural antioxidants and used for control and treatment of many diseases. In animal models and clinical research the glucose-lowering effect in many of plant sources, such as soy, has been assessed and confirmed.
The present study aimed to evaluate the effectiveness of edible soy nuts on the glycemic control, lipid profile, insulin-resistance and blood pressure in type 2 diabetic patients.
Methods

Study Design
The randomized controlled trial (RCT) was conducted on the patients with type 2 diabetes mellitus referring to the Golestan hospital diabetes clinic in Ahvaz City during 2013-2014.
The inclusion criteria were Hemoglobin A1c (HbA1c) < 8.5, Fasting Plasma Glucose (FPG) < 250, and Body Mass Index (BMI) < 35 and the exclusion criteria were patients treated with insulin, patients with cardiac, renal or hepatic failure, and the history of allergy to soy products. A simple sequential sampling method was performed. The two groups were matched in terms of age, sex, and BMI, and were divided randomly into two groups: the intervention group (n = 35 people) and the control group (n = 34 people). In intervention group some of daily protein requirements were substituted by soy nut.
In the beginning of the study, all patients were undergoing dietary consultations for Therapeutic Lifestyle Changes (TLC) and diabetes dietary recommendations. Furthermore, the type and dosage of medication of the patients as well as their physical activity were not changed during the study. At the beginning and the end of the study, the dietary intakes by patients were evaluated using the 24-hour dietary recall questionnaire for three days.
The soy nuts in 30 gram packs were given to people in the intervention group and they were asked to consume 60 grams of soy nuts daily in morning and afternoon snacks for eight weeks. At the beginning and the end of the study the basic information about the patients, including age, sex, weight, BMI, waist circumference (in minimum diameter), and hip circumference (in maximum diameter) were measured.
Biochemical Assessments
At the beginning and the end of the study 5 cc of the cubital venous blood samples were taken from all patients after 10 hours of fasting to study the biochemical indices including: HbA1c; FPG, serum insulin level, High density lipoprotein-cholesterol (HDL-c) and Total Cholesterol and triglyceride (TG) of patients and immediately moved to the lab. FPG, TG, total cholesterol and HDL-c were measured by enzymatic method using standard kits (Pars Azma Co., Iran) auto-analyzer (BT 3000, France) and HbA1c were measured by the capillary hemoglobin electrophoresis method, and plasma insulin levels were measured by Elisa method. Low density lipoprotein-cholesterol (LDL-c) was calculated using Fridewald's formula:
Insulin-resistance was measured by Homeostasis model assessment (HOMA-IR) index, which includes the following formula:
HOMA-IR : FPG mmol l fasting serum insulin μIU ml 22.5
Consecutively, with a time distance of half an hour two times, the blood pressure levels from left arms of patients (in a sitting position) were measured and their average was recorded. Patients were not anxious and have not utilized alcohol, tea, and coffee and sports activity at three hours before measurement of blood pressure. Moreover, the fabric meter with an accuracy of 1 mm and an analog scale with the accuracy of 0.1 kg were used for metric measuring, and to determine the weight, respectively.
Statistical Analysis
The data were collected in a checklist and analyzed using the SPSS version 17. Data were expressed in the form of mean and standard deviation (SD). To check the normal distribution of the data the Kolmogorov-Smirnov test was used.
Mean changes between the case and control groups were statistically determined by independent t-test for intergroup comparison and by paired t-test for intragroup comparison. The significance level was considered equal to P < 0.05.
Results
Basic and demographic information about patients have been presented in Table 1 . The results of this table shows that patients were been matched well based on the desired variables in two groups (P > 0.05). Table 2 shows the amount of calories and food molecule compounds consumed during the study. In general after intervention no significant difference was seen between the two groups in terms of the amount of calorie intake (P = 0.2). Compared to the control group, the intervention group indicated significantly larger amount of carbohydrates (P > 0.05) and fiber (P = 0.03) and less amount of protein and fat (P > 0.05).
Before starting the intervention, patients had a uniform distribution in terms of ten desired variables in both group and no significant difference has been observed between them excepting the diastolic blood pressure (P = 0.02) with optimal distribution. At the end of therapeutic intervention (after eight weeks) the paired t-test did not show any significant change in the variables among the patients in the control group ( Table 3) .
In the intervention group, the consumption of Soy nuts created a significant effect on studied variables (except HDL-c and TG levels) so that the changes in FPG, HbAlc, the plasma insulin level, cholesterol and LDL-c levels, and the insulin-resistance were statistically significant ( Table 3) .
After the intervention, an intergroup comparison by independent t-test showed significantly positive effect of soya on the five parameters: FPG, HbA1c, insulin-resistance, total cholesterol and low density cholesterol, resulting to reduce amount of above mentioned variables. Furthermore, serum insulin level in the intervention group was less than the control group, but the changes were not significant ( Table 3 ).
Discussion
Presenting results suggest that consumption of soy nuts lowered FPG (P = 0.03), HbA1c (P = 0.01), insulin-resistance (P = 0.01), total cholesterol (P = 0.01), and LDL-c (P = 0. 01), however it did not have a significant effect on systolic blood pressure (P = 0.4), diastolic blood pressure (P = 0.2), HDL-c (P = 0.4), TG (P = 0.2) and plasma insulin levels (P = 0.01).
Hermansen et al. showed that the soy consumption could reduce LDL-c, TG, and total cholesterol by 10%, 22%, 8%, respectively when type 2 diabetic patients consumed daily 70 grams soys for a period of six weeks. They report further no positive effect of this especial diet on HbA1c and blood pressure of patients [4] , what could erroneously happen due short time of treatment necessary for HbA1c changing.
Furthermore, Jayagopal et al. reported decreases of 8.1%, 0.6%, 4.1% and 7.1% in the insulin level, HbA1c, total cholesterol, and LDL-c, respectively in 32 diabetic postmenopausal women consuming 30 grams of soy phytoestrogens daily for 12 weeks. They also reported no effect of soy intake on blood pressure TG and HDL-c [9], which is similar to our data.
Chang et al. showed further that daily consumption of 69 grams soy by the type II diabetic for four weeks could decrease triglycerides and FPG, and postprandial plasma glucose, as well [6] ; which is consistent with our finding [10] . Liao et al. showed that 45 grams of soy added to low-calorie diet (1200 kcal) for eight weeks could lowers LDL-c and total cholesterol, which has no effect on the recovery of TG [10] . Indeed, we experienced in our suggestive diet in the present report similar results.
Shahbazian et al. showed beneficial effects of daily 25 grams of soy protein isoflavones for three months on the level of lipid and concentration of blood glucose in type 2 diabetic patients. They results showed that FPG, HbA1c, total cholesterol and TG were considerably improved, but significant changes were not seen in the levels of HDL-c, weight and blood pressure [5] .
In another study, Kwak et al. showed that soy consumption for 12 weeks improved fasting and 2-hour blood glucose in type 2 diabetic patients compared to control group, but did not have any significant effect on reducing the level of HbA1c [11] . A Meta-analysis performed by Reynolds et al. confirmed, the positive effect of the soy consumption on total cholesterol, LDL-c, TG and HDL-c [12] that is in concordance with our finding.
Our results showed that taking soy nuts could not improve blood pressure. However, in some studies soy consumption has had a lowering effect on blood pressure. Furthermore, Welty et al. reported in a study of 56 menopausal women with either hypertension or normal blood pressure, that consumption of 56 g of soy nuts for eight weeks reduced systolic blood pressure and diastolic blood pressure by 9.9% and 6.8%, respectively in the hypertensive patients and 5.2% and 2.7% in individuals with normal blood pressure [13] . Nasca et al. also FPG: 70 -130 mg/dl; HbA1c < 7%; LDL-c < 100 mg/dl; HDL-c > 40 mg/dl for male, >50 mg/dl for female; TG < 150 mg/dl; Cholesterol < 200 mg/dl; Dif = mean difference between before and after intervention in the case and control groups; P = significance changes within groups;
1 P = significant changes between groups.
showed that consuming 25 grams of soy for eight weeks in hypertensive postmenopausal women is followed by an average decrease of 9.9% and 6.6% respectively in systolic and diastolic blood pressure [14] .
It seems that the metabolic disorder of the sugar and insulin-resistance play a pivotal role in the incidence of dyslipidemia and the hypertension in people with type 2 diabetes [15] [16] . The positive effect of the herbal compounds on improving the performance of the pancreatic b-cells has been reported previously [17] . In a study of soy consumption in diabetic mice, Ascencio et al. recorded a reduction in glucagon, insulin and blood sugar [18] . Also Noriega-López et al. ' s study showed that consumption of soy protein reduced irritability of pancreatic islets of Langer-Hans as well as hyperinsulinemia [19] .
To date, several mechanisms have been described in the effectiveness of soy consumption on controlling blood pressure and lipid and glycemic conditions. Soy has many different compounds; however, contains large amounts of isoflavones, a group of the phytoestrogens, which has to be proved by the rate of the effectiveness of each of these components on lipid and plasma glucose; however generally it seems with pivot effect of estrogen on controlling glycemic conditions the soy causes weight loss, TG, LDL-c and Total cholesterol. This substance also facilitates the removal of glucose by cells and reduces fat tissue [5] [9] [20] . Polysaccharide is another important component of soy. In a small and short-term crossover study conducted on 19 healthy students Tsai et al. showed that consumption of soy polysaccharide did not have an effect on blood lipid profile although improves the glucose tolerance [21] . By improving the molecule level connecting the vascular cell type and consequently improving the performance of vascular endothelial cells and modulating the atherosclerosis and inflammatory process the soy is effective in reducing blood pressure [15] . Soy consumption caused a reduction in some of the chemical intermediaries such as the IL-18, CRP and increasing NO in postmenopausal women with the metabolic syndrome, which was effective in improving performance that could be another mechanism on the effectiveness of soy on blood pressure and vascular health [22] .
In addition to soy compound it seems hypoglycemic hypolipidemia effects of soy are dependent on hormonal changes. The lab test showed that flanovid of soy reduces insulin levels, glucagon and leptin in circulation and the effectiveness of soy is associated with BMI so that flanovid did not have any effect on the level of blood triglycerides in normal mice compared to the obese mice [23] . The type of soy consumed also is effective in the success of the soy. In a review study, intake of soy nuts or soy protein improved the cardiac metabolic effects, although a soy nut was superior on soy protein in the results by the researchers and there is a need for more studies in this field [24] .
In our study, while patients received the TLC diet instruction the greater percentage of their food calories was carbohydrate and in a lesser extent fat and protein; however they did not have any difference in the amount of calories, fat and protein intake at the end of the study. Also in the soy group the average daily fiber was more than the recommended rate (average 48 grams versus the 15 -20 grams) and more than the control group (14 grams) (P = 0.00). It was well illustrated that fiber-filled diet is associated with reducing or preventing many chronic diseases, including cardiovascular disease, increasing blood pressure, enhancement of blood lipid, obesity, diabetes, some cancers, and diseases of the digestive system and enhances immune system [25] [26] . In this study it seems the soy fiber, in addition to its other compounds, have also been able to cause improvement of metabolic disorder in treated patients.
The limitations in our study included the lack of long-term assessments and lack of evaluation of the different dosages of the soya. These issues should be examined in future studies.
Conclusion
This study showed that an eight-week daily consumption of 60 grams soy nuts caused a significant decrease in the levels of HbA1c, FPG, LDL-c, total cholesterol and insulin-resistance, but it did not have a significant effect on the levels of HDL-c, TG and blood pressure.
